Abstract. In this paper, we explore the viability and possible limitations of a delay-tolerant positioning process for location-based logging. Instead of estimating the device position on the device, a delay-tolerant technique stores the radio and Wi-Fi data needed to calculate that position, sends it to a server when appropriate, and it is the server that will calculate the position. This is very suitable for location logging because it supports the generation of frequent position registers without incurring in high communication and energy costs. We have conducted a controlled experiment to assess the accuracy of this technique and the results suggest that the accuracy of the positions calculated on the server using this technique is the same as those that can be obtained by calculating the position directly on the device.
Introduction
Sensing is critically important for Ambient Intelligence, which relies to a large extent on the ability to perceive the physical environment and the activities taking place in it. Mobile phones, with their already substantial data capture and connectivity capabilities, have a unique potential to become powerful sensing devices for uncovering new knowledge about the realities of our world and the patterns of Human behaviour [1] . In particular, considering their widespread use and their continuous presence in people's lives, they represent a major resource for location-based data collection. For example, to study mobility patterns within cities, there is a need to collect traces of users moving across the city in their daily life. In Experience Sampling studies [2, 3] , there is a need to register, either implicitly or as part of an explicit user action, events as they occur in people's daily lives and annotate them with location information that will normally be crucial for their interpretation. Location-based logging is fundamentally shaped by the need to combine frequent device positioning with the consequences that the process can have for users. These processes normally involve recruiting people to run the data collection applications on their own mobile phones and as part of their normal daily activities. This is crucial for generating realistic data and enabling larger scale studies. However, if the data collection implies significant energy, communication or privacy costs for users, it will become a severe obstacle to large scale use and volunteer recruitment. Therefore, in our location logging processes we have included two important design principles: the first is avoiding the use of GPS. We would always need an alternative solution because we need to consider indoor locations, but the key issue is that the continuous use of the GPS would necessarily have a very high cost in terms of power consumption [6] ; the second implication is to avoid depending on connectivity. In part this is also important to save energy, but since many people will not have a flat-rate data plan, there is also the issue that they will not accept the potential costs associated with data communications. The independence from connectivity would also allow us to perform the positioning without having to wait for the availability of a network connection.
To comply with these principles, we introduce the concept of delay-tolerant positioning. In most location-based services, location is normally part of an interactive feature and thus needs to be immediately available. On the contrary, in location-based logging, location information is needed to annotate an event. Therefore it is possible to just store the information needed to determine location, and leave the actual location calculation to some later point in time. Our data collection application, stores on the device the radio and Wi-Fi data generated that is used by the location API to determine location and when a connection becomes available, a batch of GSM and WiFi information is sent to a server that will then use that information to calculate the positions. This approach does not make any use of the GPS and works very well with only occasional connectivity. For location-based logging applications, this means that frequent positioning records can be generated without forcing the device owner to incur in significant power or network costs.
In this paper, we assess the viability of this delay-tolerant approach for locationbased logging. In particular, we aim to compare the level of accuracy with what can be obtained directly on the device and also to study the effect of other variables in that accuracy, such as the effect of time spent at the location before the location estimation and the nature of the Wi-Fi landscape at the point where location was estimated.
After revising related work in the next section, we describe in section 3 the essential steps of our research methodology. In section 4 we present the main results regarding each of the proposed objectives of the study and, finally, in section 5 we provide our concluding remarks.
Related Work
Yoshida et al. detail the creation and deployment of a localization system based on Wi-Fi fingerprinting [7] . The paper focuses on the effect and efficiency of the method used for acquisition of fingerprint data and the influence that it could have on the accuracy of the localization results produced. Even though this work has different objectives, it has informed us about the need to devise a data collection protocol that could accommodate for the variation in the network landscape. Zandbergen [8] describes a study to estimate accuracy of positioning techniques, using a similar methodology. A mobile phone (iPhone 3G) was used to collect
